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Introduction
Transjugular intrahepatic portosystemic shunt (TIPS) is a well-established treatment for the complications of portal hypertension. ere are few absolute contraindications for TIPS; right-sided heart failure, severe liver failure, and polycystic liver disease are most commonly cited [1, 2] . Portal vein thrombosis increases the technical difficulty of the TIPS procedure, but TIPS is still oen desirable due to the high likelihood of variceal bleeding and ascites in these patients [3] [4] [5] .
As portal vein thrombosis becomes more chronic, the occluded portal vein becomes �brotic and shrunken, and cavernous transformation occurs, with collateral formation in the hepatic hilum. e occluded portal vein becomes difficult to access by the transjugular route, and even if the portal vein or one of the collaterals is accessed, wire passage across the occluded segment may be difficult or impossible [6] . Some authors have considered cavernous transformation to be a contraindication to TIPS placement [2, 3, 6, 7] . In this report, we describe a novel technique which may increase the technical success of the TIPS procedure in these patients.
Case Report
Institutional review board (IRB) approval was obtained for this case presentation. A 62-year-old man with a history of chronic pancreatitis, resultant portal vein thrombosis, and portal hypertension with recurrent variceal bleeding presented to the emergency room with several bouts of melanotic stool and one episode of large volume hematemesis. His blood pressure was 81/50, heart rate was 105, and hemoglobin was 6.0 (baseline 9.9). Aggressive volume resuscitation was instituted, and emergent endoscopy demonstrated large gastric varices which were not amenable to endoscopic therapy. CT demonstrated portal vein occlusion with cavernous transformation (Figure 1) . A decompressive mesocaval shunt was attempted by surgery, but was unsuccessful. At surgery, diffuse plastic peritonitis was present throughout the upper abdomen, likely as a result of chronic pancreatitis. e vascular structures could not be isolated. Excessive bleeding occurred during the operation, re�uiring signi�cant blood product replacement, and following stabilization, the procedure was terminated. e patient was returned to the surgical intensive care unit (ICU), and the decision was made to refer the patient to interventional radiology to try a TIPS placement as a "last ditch effort" for portal decompression. At the time of procedure, the patient was intubated and sedated, but hemodynamically stable. e right internal jugular vein was accessed, and a 10-French Rosch-Uchida system (Cook Inc., Bloomington, IN) was placed. e right hepatic vein was cannulated, and the sheath was advanced. A balloonocclusion CO2 portogram was performed, demonstrating patent intrahepatic portal vein branches, but complete occlusion of the main portal vein.
Under �uoroscopic guidance, the Rosch-Uchida system needle was used to puncture into the portal venous system. Contrast injection demonstrated multiple portal venous collaterals consistent with cavernous transformation (Figure 2 ). Multiple attempts to traverse the occluded portal vein using an angled Glidewire were unsuccessful. e Rosch-Uchida needle was withdrawn, and the decision was made to attempt a combined transjugular-transhepatic approach.
Under ultrasound guidance, a 22-gauge Chiba needle (Cook, Inc., Bloomington, IN) was advanced from the right mid-axillary line into a right portal vein branch, and a Neff set (Cook, Inc., Bloomington, IN) was placed. A 4-French angled glide catheter and 0.035 ′′ angled Glidewire (Terumo, Somerset, NJ) were advanced to the level of portal vein occlusion, and with repetitive advancement and spinning of the glidewire, the occlusion was traversed. A 6-French vascular sheath was placed. Next, an 8 mm × 2 cm Optapro balloon (Cordis Corporation, Miami, FL) was positioned at the site of desired portal vein access and in�ated with contrast ( Figure 3(a) ). Under �uoroscopic guidance, with the contrast-�lled balloon as a target, the transjugular RoschUchida needle was used to puncture the balloon (Figure 3(b) ). Following balloon rupture, the glidewire advanced easily through the needle into the portal system (Figure 3(c) ).
Case Reports in Radiology A 5-French pigtail catheter (Cook Inc., Bloomington, IN) was placed, and pressure measurements were obtained, demonstrating a portosystemic gradient of 23 mm Hg. Portography demonstrated chronic occlusion of the portal vein at the con�uence of the superior mesenteric vein and splenic vein, with multiple varices (Figure 4) . Over a 0.035 ′′ Amplatz wire (Cook Inc, Bloomington, IN), angioplasty of the portalhepatic vein tract was performed with 6 mm × 4 cm and 8 mm × 4 cm balloons. e 10-French transjugular sheath was then manipulated into the portal vein, and a 10 mm × 8 cm × 2 cm Viatorr stent-gra (Gore, Flagstaff, AZ) was deployed from the portal vein to the hepatic vein�IVC con�uence. e stent-gra was dilated using a 10 mm × 4 cm balloon.
Repeat pressure measurements demonstrated persistence of a signi�cant portosystemic gradient, and angiography demonstrated an area of stenosis proximal to the stent-gra, near the splenic vein-S�V con�uence. is was treated with a 10 mm × 6 cm Protégé bare metal stent (eV3, Plymouth, �N). Final portography demonstrated excellent �ow through the �IPS without signi�cant variceal �lling ( Figure 5 ). e �nal portosystemic gradient was 11 mm Hg. e transhepatic sheath was removed with gelfoam embolization of the parenchymal tract. e patient's postprocedure course was uncomplicated. He was extubated, his diet was advanced, and he was discharged home in stable condition one week aer the TIPS procedure. One year aer the TIPS, the patient is well, without further complications related to portal hypertension. e TIPS remains widely patent.
Discussion
TIPS is effective in the management of portal hypertensive complications, including bleeding gastroesophageal varices and refractory ascites [8] . rombotic occlusion of the portal vein increases the difficulty of the procedure and has prompted several variations in technique to improve technical success [7, [9] [10] [11] . However, when the thrombosis is chronic and associated with cavernous transformation, the success of TIPS has remained limited. In such patients, Jiang et al. reported a 20% (1/5) success rate, with less symptomatic improvement and shorter survival time than noncavernous patients [7] . Walser et al. failed in both patients they attempted (0/2) [6] . Senzolo et al. reported a 67% (6/9) success rate, and Van Ha et al. reported a 75% (3/4) success rate [5] . Two isolated case reports have described success [12, 13] .
ere are several challenges in performing TIPS in cavernous portal vein occlusion. Transjugular access to the portal system may result in puncture of a cavernous collateral, as occurred in our patient, rather than a normal intrahepatic branch. is limits the ability to navigate a wire through the occluded main portal vein. Also, some of these collateral vessels are low pressure and will not provide adequate portal decompression [14] . Percutaneous transhepatic right portal vein access as we have described, in contrast, allows the recanalization to initiate from a normal, patent intrahepatic portal vein, thereby favoring passage into the main portal vein. It also provides more secure portal access, a more direct angle of approach to the occlusion, and allows usage of various wire and catheter combinations to cross the occluded segment.
Once the portal vein is recanalized via the transhepatic approach, the remaining step is to connect the portal and systemic circulations. A previously described approach, the "gun-sight" approach, directs intravascular snares with a separate transhepatic puncture [15] . We found it far simpler to in�ate an angioplasty balloon at the site of desired portal vein access; this simultaneously dilated the occluded portal vein, creating a channel, while also serving as a target for the needle from the transjugular approach. Passage of the needle into the channel is marked by balloon rupture, following which the wire can be easily advanced. TIPS placement then proceeds routinely.
Conclusion
Although cavernous occlusion of the portal vein increases the difficulty of performing TIPS, it should not be considered an absolute contraindication. We have described a method for percutaneous recanalization of an occluded portal vein and combined transhepatic and transjugular approach for TIPS creation in a patient with symptomatic chronic portal vein thrombosis associated with cavernous transformation. is approach may be useful to relieve portal hypertension in patients who fail endoscopic and/or surgical therapies. 
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